Abstract. We provide a brief introduction on string compactifications for non-experts. The prediction of critical string theory to have a ten-dimensional space-time gives a rich background to answer fundamental questions in theoretical physics. From the Calabi-Yau compactification to recent flux compactification models, we discuss the attempts made to construct a consistent and realistic effective four-dimensional theory.
INTRODUCTION
Critical string theory predicts the existence of nine spatial dimensions at the perturbative level. This suggests that,by getting rid of extra dimensions, one could reproduce effective four-dimensional (4D) gauge and gravitational theories 1 . Although there is so far no experimental evidence for string theory, still, the model predicts the existence of gravitational and gauge forces in an unified way . In this sense, string theory is a consistent theory of quantum gravity and gauge interactions [1] .
This fact has inspired a large part of the string phenomenology community to develop novel models and techniques with the purpose to reproduce the (exact) matter content of the (Minimal Supersymmetric) Standard Model (MS)(SM) of particles [2, 3, 4, 5] and to obtain consistent effective 4D theories from string compactifications [6] . All such attempts, faced several and important problems rendering some models inconsistent. However, string theory is not a theory as quantum field theory or general relativity. Unfortunately, it is much less than that, in the sense that we do not know the elementary degrees of freedom of the theory. For this reason, string theory is until now, a collection of data, making the theory to be under development. It is not strange then, that some of the unsolvable problems, at some point become accessible by adding the newest available knowledge. For instance, until recently, it was understood that compactification backgrounds and/or SM-like models from string theory requires the presence of extra degrees of freedom, mainly from fluxes and non-perturbative effects, solving some of the most intriguing problems in previous models and opening up a vast possibility to address some others. Therefore, there is still a long way to cover till we can say by sure, if string theory is connected or not with the real world [7, 8] .
The outline of this review is the following. First, since the review is intended for the non-experts, we shall give a brief summary about some important issues on string theory. We will then focus on the earlier attempts of Calabi-Yau compactifications. We shall describe the advantages and disadvantages of these models. Later on, we shall discuss the inclusion of fluxes and how this solves some of the problems of Calabi-Yau compactification. Finally we comment on the present status of the theory an some open question to be addressed in the near future. A comment to be added: a detalied review on string compactification is beyond the scope of this note, a reason for which I apologize for omission of so many important references. Instead review articles have been favored, within the reader will find an extensive source of important references.
A brief review on string theory
String compactifications can be performed on different types of string theories. The most popular at the beginning of the nowadays called string phenomenology was the heterotic string. Later on, once people realized the importance of closed string fields and non-perturbative objects present, type II become the most common type of strings to construct a realistic vacuum. Hence we proceed to describe shortly some important ingredients of string theory [1, 9, 10, 11] .
First of all, there are five different types of superstring theories (ST's) constructed in a ten-dimensional space-time. Type II ST consist on closed strings which generate by quantized vibrations, several massless and an infinite tower of massive fields. The former are separated in 4 sectors. The Ramond-Ramond (R-R) sector (periodic conditions for the left and right moving-sectors of the string) has a massless spectrum consisting on p-form potentials C p with different values for p (see below) and the Neveu-SchwarzNeveu-Schwarz (NS-NS) sector (anti-periodic conditions) whose massless fields consist on the graviton (g µν ), an antisymmetric two-index field (B µν ) and a scalar field called dilaton (φ ). There are also the corresponding fermions superpartners constructed in the R-NS and NS-R sectors. This establishes a N = 2 ten-dimensional string theory with 32 supersymmetric generators. The theory can be chiral (type IIB) or non-chiral (type IIA). For type IIB ST, R-R fields are zero-, two-and four-forms which couple to one-, three-and five branes, making the later to carry electric and magnetic charge. These branes also satisfy some important conditions, as the fact that open strings can end at their worldvolume. Since the open strings satisfy Dirichlet conditions in the presence of those branes, we call them Dp-branes (p stands for the number of spatial coordinates on which the D-brane is extended). There are many important properties of D-branes. The most relevant for us, is that they carry RR charge, break half of the background supersymmetry and have a super Yang-Mills U(N) gauge theory on their worldvolume in the low energy limit. Similarly, at such limit, type IIB ST reproduces the chiral tendimensional supergravity N = 2, while type IIA ST has as a low energy limit the nonchiral supergravity N = 2 in D = 10.
One can also construct a theory in which open strings play a role. However, in order to cancel the gauge and gravitational anomalies that appear, the theory requires a gauge group equal to SO(32) under which the string endpoints transforms as gauge bosons. This kills half of the string degrees of freedom, making the string unorientable. This can be understood by taking type IIB ST, adding 32 D9-branes and taking the ninedimensional space as the fixed point of a projection which inverts the string orientation. This is type I ST. It turns out that the projection can be visualized as a nine-dimensional plane, carrying negative RR charge (actually minus the total RR charge carried by the D9-branes). It is called an orientifold, which in this case, has nine spatial dimensions. The massless spectrum of type I string theory is just half of type IIB, i.e., the fields which survive the orientifold projection, plus gauge bosons transforming in the adjoint representation of SO(32).
There are two extra types of ST's, called heterotic, due to the mixture between bosonic and supersymmetric strings on the left and right string modes. Since we mainly focus on type I and type II ST's, it is suffice to say that such theories have as well, gauge bosons in their massless spectrum. There are two types according to the related gauge group, which can be SO(32) or E 8 × E 8 . All five ST's and the eleven-dimensional supergravity turn out to be different limits of a more fundamental theory, so far denoted by "Mtheory". We are far from knowing the fundamental degrees of freedom associated to this eleven-dimensional quantum-gravity theory.
We have seen that the most promising theories to consider so far, are the heterotic and type I ST's. Indeed, they established the starting point towards realistic compactification models and to the construction of an effective 4D theory from strings.
FLUXLESS STRING COMPACTIFICATION
The first attempt to compactify the six extra dimensions such that the effective fourdimensional theory has the required properties, was developed around middle 80's. The idea was to find a suitable compact six-dimensional manifold which would break a maximal amount of supersymmetry. This was achieved by selecting a three-dimensional complex Calabi-Yau (CY) manifold as the internal compact space [12] . The key property of such kind of spaces, is that they posses an SU(3) holonomy group 2 . In order to see why this issue is so important, let us consider more trivial compactifications rather than a CY one.
We already know that in a flat ten-dimensional space-time, there are sixteen supersymmetric generators for type I or heterotic string theories, and thirty-two for type II. By compactifying on a space with holonomy group SO(6), a ten-dimensional spinor decomposes as η(x µ , y i ) = ζ (x µ ) × ε(y i ) for SO(1, 9) = SO(1, 3) × SO (6) . This implies that the internal spinor ε(y i ) transforms as a 4 or4 (positive or negative chirality) with respect to SO (6) . Since the surviving supersimetries in the effective four-dimensional theory corresponds to local supersymmetry parameters which are covariantly constant in the internal manifold M 6 , there are no supersymmetries left in the effective four-dimensional physics.
For the holonomy group being SU(n), it turns out that there are 4 − n covariantly constant internal spinors (supersymmetry generators) and hence 4 − n left supersymmetries in the effective theory. In particular, for an internal space with SU(3) holonomy, the internal spinor transforms as 3 + 1 for positive chirality. Hence, there is one supersymmetric generator which survives the compactification process, pointing out the presence of one supersymmetry in the effective four-dimensional theory (∇ y ε = 0). In the same token, a compactification on manifolds with SU(2) and U(1) holonomy groups (correspondly K3 and T 2 ) leave two and four supersymmetries in four-dimensions.
However, since we expect to arrive to a 4D effective theory which contains the Standard Model group (plus corrections), the model must be chiral. It is well known that such property is gathered by, at most, a theory with only one supersymmetric generator. As a result of that, we see straightforward that a compactification of type I or heterotic string theories on a manifold with SU(3)-holonomy group satisfies our requirements. Evenmore, the SM gauge group is contained on SO(32) and/or E 8 × E 8 . Along with other important geometric properties (Ricci flatness, complex), manifolds with SU(3)-holonomy are the already mentioned CY manifolds. The existence of a single supersymmetric generator, leads to the integrability condition [∇ µ , ∇ ν ]ε = 0. By assuming a maximal symmetric 4D space-time, the integrability condition establishes a constraint on its curvature: the 4D extended space-time has to be flat.
Two important notices are in order. First of all, if one starts from a type II string theory, there is a pair (chiral for type IIB and non-chiral for type IIA) of Majorana-Weyl fermions in the 16 (and/or 16 ) of SO(1, 9). Hence, compactification on a CY threefold from type II string theory leads to a 4D effective theory with two supersymmetries and therefore, no chirality. Such model must not be consider by any realistic attempt to reproduce an observed 4D physics, unless extra allowed inputs on the model break another supersymmetry. Second, observe that we have turn off all extra fields from a generic ten-dimensional string theory besides a constant dilaton, the gravitational field and corresponding gauge bosons for type I and heterotic string theories. In particular, the NS-NS field H 3 = dB 2 vanishes in this model.
Benefits and problems in a CY compactification
Besides the succesful way to reproduce an effective model with a minimum of supersymmetry and containing the SM gauge group, the CY threefold compactification has other interesting and desirable consequences. For instance, it partially answers the question of why there are three-families of elementary particles in the SM? The partial answer comes from the topology of the internal manifold. It turns out that the Euler number χ(M 6 ) is related to the number of families in 4D. Hence, for a complete answer one should explain why the nature selects a CY such that χ(M 6 ) ∼ 3 (or any other number). Another property that makes a CY compactification the first class of phenomenologically viable models, concerns the possibility to choose the structure group. For instance, by selecting a compactification from the Heterotic E 8 × E 8 string theory, one can construct models on which Grand Unification Groups appear as structure groups by selecting suitable and stable holomorphic vector bundles. The structure group giving rise to GUT's gauge groups lives in one of the E 8 s, while the second one represents the hidden sector, on which supersymmetry is broken and transmitted to our universe (the visible E 8 ) by some field process as gaugino condensation []. Notice that by considering a CY threefold compactification we have implicitly assumed that supersymmetry breakdown scale is lower than compactification scale. This assumption is rather expected than deduced (although there are string compactifications leading to non-supersymmetric 4D models [2] ).
As in many occasions in physics, solving one problem (in this case the construction of a viable phenomenological model which manage the, in principle, incorrect amount of spatial dimensions predicted by critical string theory) yields the appearance of others. By compactifying a string theory on a CY manifold, we get an effective 4D supergravity theory with some massless scalar fields named moduli. Roughly speaking, the size and volume of the internal manifold and Yukawa couplings are related to those moduli [13] .
Hence, the moduli must be stabilized, i.e., a mass must be assigned to them by acquiring a vacuum expectation value at a minimum of a scalar potential V , otherwise extra long-raged forces transmitted by them would have been observed. Such forces would be correlated to the free variation of volume of the internal manifold, implying the absence of prediction capability. It is then desirable to construct such scalar potential for a given compactification.
In the language of 4D supergravity [14] , the corresponding scalar potential is constructed in terms of other two important functions: the superpotential W (φ ) which is an holomorphic function on the complex fields φ , and the Kähler potential K (φ , φ * ). These functions enter in the effective action as
As it is well known, the scalar potential is given by
with D being the Kähler derivative with the index i running over all the fields φ . The superpotential W , the Kähler potential K and the moduli can be directly obtained by dimensional reduction, from which one sees that there are three moduli fields called the complex structure z i (related to the size of M 6 ), the Kähler parameter ρ j (volume) and the complex dilaton S = C 0 + ie −φ . The effective theory is supersymmetric if and only if the corresponding Kähler derivatives with respect to all moduli vanish. Notice that this leads to the well known fact that a supersymmetric vacuum has negative energy. Let us know apply this method to the CY compactification. Upon the conditions on which the compactification is performed, one gets that W and K do not depend on the above three moduli ρ, z and S, which immediately tells us that there is not an associated scalar potential for the moduli, implying the appareance of non-observed extra forces. This problem is so relevant that it even received a name: the stabilization moduli problem. A decade had to pass over in order to find a solution, which as in many cases as well, required to remove some initial anzatz.
FLUX COMPACTIFICATION
The solution came by turning on constant field strengths, or fluxes thereafter, on the internal manifold [15, 16, 17, 18] . But before describing the detailed issues concerning this solution, let us point out the reasons why the fluxes were taken to vanish in the initial model. Apart from the fact that the model was significantly simpler in such case, the biggest difficulty to face was the fact that internal fluxes have energy and then gravitate. Therefore, one should expect a backreaction on the internal geometry making the internal manifold depart from a CY threefold. At a pedestrian level, one can consider turning on internal 3-form fluxes as the R-R F 3 and the NS-NS H 3 . These fluxes couple in such a way that they carry D3-brane charge. Because of this, we end up with a compact manifold with a non-vanishing amount of D3-brane charge, in violation of Gauss law.
However, this is not the only difficulty. Gauss violation can be written as the fact that Bianchi identity for the R-R five-form is not satisfied, i.e., dF 5 = 0. At the level of Einstein equations, it turns out that a non-vanishing Bianchi identity for F 5 implies that the fluxes contribute with a positive amount to the energy-momentum tensor. The only possible solution consists on vanishing all the fluxes in a Minkowski 4D spacetime 3 This is the no-go theorem which prohibits the inclusion of fluxes on a supergravity compactification.
One can nevertheless, avoid such constraint by considering the presence of objects beyond the supergravity approach. In this context, we can make use of the non-perturbative and perturbative objects in string theory to construct a configuration in which internal fluxes are turned on. The key object is an orientifold, which as mentioned, carries negative D-brane charge and negative tension. In a very sketchy description, one can see that some orientifold planes O3 − sitting at a point in a type IIB compactification on M 6 , permits the presence of non-trivial NS-NS and R-R three-form fluxes. The condition for the net D3-brane charge to vanish on M 6 is called the tadpole condition 4 and it corresponds to the integration of dF 5 (Bianchi identity) on the internal manifold,
Hence, the inclusion of orientifold planes seems to allow the presence of fluxes, a fact that, as we will see, solves (again, partially) the problem of moduli stabilization. Notice that one must establish the backreaction on the fluxless manifold by the presence of fluxes. We shall shortly comment on these issues.
Moduli stabilization
Let us forget from the moment the backreaction produced by fluxes on the internal manifold and concentrate on the effective 4D theory generated in the presence of fluxes. Consider for simplicity, a type IIB compactification on M 6 (which we do not know what it is) threaded with H 3 and F 3 fluxes. By dimensional reduction one sees that a superpotential of the form
is generated, with Ω being the holomorphic three-form in M 6 , which depends on the complex structure moduli z i . Hence, observe that the superpotential is now a holomorphic function of the moduli but the Kähler parameter. This certainly implies that there is a non-flat scalar potential associated to these two moduli. In fact, the flux scalar potential is of the form
with G − 3 being the anti-imaginary self-dual part of G 3 = F 3 − SH 3 , i.e., * G
. Therefore, we see that by turning on an ISD flux, a scalar potential with a minimum is generated, giving a mass for the complex structure and the complex dilaton. Roughly speaking, the (Yukawa and gauge) couplings and the size of M 6 are now fixed. Moreover, since the superpotential does not depend on the Kähler parameters, we have a no-scale model on which a supersymmetric vacuum posses a vanishing energy 5 . The minimum is therefore a supersymmetric vacuum. Important enough, notice that this is a N = 1 supergravity in 4D. Hence, by turning on 3-form fluxes, some supersymmetries are broken. We have found a novel mechanism to break supersymmetry by turning on internal fluxes, rather than only selecting specific six-dimensional manifolds. This opens up the possibility to consider type II string compactifications on a more extense set of six-dimensional manifolds. Notice also that the Kähler moduli have not been stabilized by this process. For that we require extra data.
Type IIB Calabi-Yau compactification with fluxes. In order to motivate the study of the (up to now forgotten) backreaction by fluxes, let us consider a type IIB compactification on a CY manifold theraded with NS-NS and R-R three-form fluxes. For this, it is necessary to make an assumption. We are considering the amount of fluxes small enough to slightly perturb the geometry of a CY manifold. Therefore, we can safely think on the internal manifold as a small variation of the geometry of a CY. Upon compactification, one gets a 4D effective supergravity theory with N = 2 [19, 20] . Since there is D3-brane charge carried by the fluxes (or by some D3-branes sitting at a point on the CY manifold), we require to introduce an O3 − plane. Hence the supergravity multiplets content is projected to a half by the orientifold projection, reducing the total amount of supersymmetry to N = 1.
The example can be used to consider toroidal compactifications on T 6 /Z 2 , which are T-dual versions of toroidal compactifications of type I string theory. The discrete action comes from 64 orientifold three-planes sitting at the fixed points on T 6 /Z 2 . By turning the appropriate fluxes the tadpole condition is fulfilled and one supersymmetric generator is preserved in the effective 4D theory. There are plenty of variants of this toroidal model consisting on the discrete group of an orientifolded orbifold. Although there are a vast literature on these topics, we would like to concentrate on the string dualities we have already mentioned, in order to have a glimpse about the backreaction in the compact space M 6 by internal fluxes. A first look can be deduced from the following fact. In type IIB compactification, we have already seen that 3-form fluxes carry D3-brane charge. However, a D3-brane sitting at a point in the internal manifold, modifies the space time such that
where the 4D field theory on the D3-brane is described by coordinates x and the internal manifold by coordinates y. Hence it is expected that 3-form fluxes carryng the same amount of charge will modify the geometry of the fluxless internal manifold described by the metric g mn (y) by a conformal factor of the form e 2A(y) . Therefore, we see that one simple (and in fact, the simplest) backreaction of the internal manifold is to change its geometry by a confomal factor. For the fluxless manifold being a CY three-fold, the inclusion of fluxes yields the requirement to have a conformal CY manifold.
Type IIA CY compactification with fluxes. As we have seen, type IIB flux compactification leads to the stabilization of some moduli. One can include non-perturbative objects as D-instantons wrapping internal cycles which contributes with an extra term (depending on the Kähler parameter) on the superpotential. However, at the perturbative level we can instead look for suitable flux compactifications in type IIA, with a superpotential depending on all moduli. In this case, we proceed to turn on the NS-NS 3-form flux H 3 and the RR 4-form flux F 4 and the corresponding superpotential reads
with J c the complexified Kähler 2-form J c = J + iB. Upon certain specific fluxes, the supersymmetric equations of motion are solvable, and since the model depends on the Kähler parameters, the supersymmetric vacuum with all moduli stabilized possess a negative vacum energy.
GENERALIZED GEOMETRY
There are some crucial differences between type IIB and type IIA flux compactifications regarding moduli stabilization. In the former, as stressed out before, we are not free to make the fluxes as large as we want since they enter the tadpole cancellation condition. Also, in type IIB CY orientifold compactification, Kähler moduli are not stabilized unless non-perturbative information is added. In type IIA, all moduli can in principle be fixed by perturbative inclusion of fluxes. However, it is well known that the 4D effective theory gathered from a fluxless type IIB compactification on a CY manifold Y is equivalent to that obtained by type IIA compactification on the (also fluxless) mirror CY manifoldỸ . This equivalence is known as mirror symmetry. For Y to be a CY manifold, there must be at least one complex (1, 1)-form (complex Kähler form) for which h 1,1 (Y ) = dim H 2 (Y ) is different from zero. Also, the internal topology is specified by the number three-forms, i.e., by h 2,1 (Y ) (since there is only one holomorphic (3, 0)-form). The mirror CYỸ is a CY manifold for which h 1,1 (Ỹ ) = h 2,1 (Y ) and h 2,1 (Ỹ ) = h 1,1 (Y ). Hence mirror symmetry exchanges complex struture and Kähler moduli and it holds at the effective theory level in the limit of large volume and large complex structure. The symmetry survives the orientifold action, from which a 4D N = 1 theory follows from two different but equivalent compactifications. However, there is a clear asymmetry between these two compactifications sets. While odd (even) RR fluxes F p are mapped under mirror symmetry (or T-duality on the corresponding fibre) to even (odd) ones, the NS-NS field strength is mapped to itself, if T-duality is performed on transversal coordinates to those on which H 3 is supported. In such case, the generated flux superpotential W depends on the complex structure in both cases through the NS-NS field. The asymmetry is expected to disappear once we consider mirror images of the NS-NS flux corresponding to T-dualities on longitudinal coordinates. In such case, the NS-NS flux is mapped to an even geometric field and the "mirror CY" manifold is not longer a CY, but some generalization of it, to which we turn.
SU(3) structures and generalized complex geometry
The presence of fluxes threats the internal manifold in such a way that its geometry departs from a CY or from any other fluxless compatible space [15] . One way to elucidate this, is to consider the ten-dimensional variation of the gravitino δ Ψ. In order to preserve one supersymmetry in the 4D effective theory, δ Ψ = 0, a condition that in the absence of fluxes yields the SU(3)-holonomy of the internal manifold fixing it to be a CY. By turning on internal fluxes,
where A = 1, 2 being two chiral (non-chiral) spinors in type IIA(B), and Γ and Γ a combination of Gamma matrices and some other factors acting on the fluxes. Roughly speaking, one sees that the internal component of Eq. (8) establishes that the internal spinor is not covariantly constant with respect to the Levi-Civita connection. Still, it must be globally defined. The existence of the internal spinor means that the compact space has an SU(3)-structure and its covariantly constant with respect to a torsion connection ∇ (T ) = ∇ + κ, i.e., ∇ (T ) ε = 0. The torsion part can be classified according to SU(3) representations. Compactifications on such manifolds are called SU(3)-structure compactifications.
In the fluxless case, the SU(3)-structure is obtained from the SU(3)-invariant spinor, fom which the constant Kähler form J and the holomorphic form Ω are constructed. If the spinor η is covariantly constant, such forms are closed, determining the CY topology. In the case with fluxes, there is an SU(3) holonomy but with respect to ∇ (T ) . This implies that the above two forms are not anymore closed with respect to the Levi-Civita connection, establishing a change in the topology. This in turn yields a way to measure the departure from a CY manifold [15] .
The effort studying such setups is huge as literature on the subjects shows. Let us however, concentrate in two particular examples. By turning on the electric part of a NS-NS flux (i.e., half of the degrees of freedom of the most general flux), it has been showed that the mirror manifold corresponds to one with an SU(3)-structure but only half of the spatial coordinates are Ricci flat. Such manifolds are called half-flat manifolds [19] . Hence, the effective theory gathered by compactification on a CY threaded with electric NS-NS flux is equivalent to that obtained by compactification on a half-flat manifold. In the same token, a compactification threaded with electric and magnetic parts of H 3 has as a mirror image, a compactification on a manifold with two different spinors, and a SU(3)-structure. By an abuse of language, we refer to those manifolds as SU(3) × SU(3) structure manifolds. Therefore, different geometries for the internal manifold with fluxes, can be classified by their torsion. Notice as well thet departure from CY manifold are also studied through the mirror images.
Geometric and non-geometric flux compactification
As we have mentioned, mirror symmetry is understood in some cases, as the application of T-duality on a fiber torus. A prototypical example is of course a compactification on T 6 with a base T 3 . Compactification of type IIB on T 6 produces an effective theory which is equivalent to compactify type IIA on the T-dual torus T 6 , related to T 6 by one or three T-dualities on the fiber coordinates.
The problem arises by turning on internal fluxes, since Bucher rules tells us that NS-NS flux is T-dualized into geometry [21] . This means that the T-dual manifold does not posses the same geometric properties as the original torus. For instance, if we compactify type IIB on T 6 with a flux H 156 = H 264 = H 345 = N and T-duality is performed on coordinates x 1 , x 2 , x 3 , the T-dual manifold has a metric given by
This manifold is called twisted torus and it is an example of a nilpotent manifold. Observe however, that the isometries are preserved and we can safely wrap D-branes on any internal cycles 6 We can define new coordinates such that the metric with respect to these new coordinates seems flat. The information coming from the NS-flux in the T-dual picture is now encoded in the geometry, a reason for which the community has coined such backgrounds as geometric fluxes. Following notation in [21] we denote these fluxes as f (e.g., η 1 = dx 1 + f 1 56 x 5 dx 6 ). Type IIB toroidal compactifications with geometric fluxes generates a superpotential which depend on all moduli, since as in the case of generalized CY manifolds, dJ does not vanishes. Hence the superpotential reads W (S, ρ, z) = (G 3 + idJ) ∧ Ω.
One can go further and perform an extra T-duality on coordinates 4, 5, 6. The resulting metric is of the form
where ". . ." stand for similar terms for the rest two NS-NS components. It is clear that geometry is not globally defined since there are not isometries left. Eventhough, one can work locally and treat this background as a 6-dimensional torus T 6 threaded by nongeometrical fluxes Q ab c obtained by performing T-duality on coordinates a and b in a torus with a NS-NS flux H abc . In these kind of compactifications, the superpotential is typically a cubic polynomial on the moduli, for which all moduli can be stabilized and many possible vacuum can be generated.
The low energy limit of flux compactifications on geometric, non-geometric or generalized complex manifolds, corresponds to gauged supergravities in 4D [20] . The construction of Minkowski vacua within this background is still a topic under research as well as a full connection between different string compactification scenarios through T and S dualities.
FINAL COMMENTS
There have been great advances on the construction of realistic string vacua. The inclusion of fluxes and non-perturbative effects on string compactifications has lead us to a much better understanding on the role played by closed and open string degrees of freedom as well as the required mathematical tools by means of which, effective 4D theories can be constructed.
There are clearly many problems to be addressed. First of all, we still lack for a model which stabilizes all moduli and reproduces the matter and gauge groups of the SM. Second, besides the limits on which we can safely work, we face a very intriguing problem concerning the nature of the string vacuum construction. It can be estimated that there are about 10 500 different vacua, on which moduli are stabilized and some matter content is present. This is the so called string landscape [23, 24] . It is possible that our universe is statistically preferred or maybe it is a question answered by the anthropic principle. It is clear that there is still much work to do.
